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DEPARTMENT  OF  THE  ARM? 

KANSAS  CITY  DISTRICT,  CORPS  OF  ENGINEERS 
700  FEDERAL  BUILDING 
KANSAS  CITY,  MISSOURI  64106 

HELVE RN  LAKE 

MARAIS  DES  CYGNES  RIVER,  KANSAS 
APPENDIX  V 

EMBANKMENT  CRITERIA  AND  PERFORMANCE  REPORT 

CHAPTER  1 
GENERAL 

1-01.  Location.  Melvern  Lake  Is  located  4  miles  west  of  Melvern, 
Kansas.  The  dam  crosses  the  Marais  des  Cygnes  River  (Osage  River  In 
Missouri)  in  Sections  1,  2  and  12,  T18S,  R15E,  and  Section  35,  T17S, 
R15E,  in  Osage  County.  See  Plate  No.  1. 

1-02.  Project  Authorization.  Melvern  Lake  was  authorized  by 
Federal  flood  control  legislation  and  constructed  by  the  US  Army  Corps 
of  Engineers,  Kansas  City  District.  This  project  was  authorized  by  the 
Flood  Control  Act  of  1954  (Public  Law  780,  of  the  83d  Congress). 

1-03.  Project  Purpose.  The  purposes  for  which  Melvern  Lake  was 
constructed  are  flood  control,  water  supply,  improved  water  quality, 
public  recreation,  and  benefits  to  fish  and  wildlife. 

1-04 .  Purpose  and  Scope  of  the  Report .  The  purpose  of  this 
Embankment  Criteria  and  Performance  Report  is  to  assemble  information  on 
the  embankment  conditions  of  the  project.  It  provides  a  summary  record 
of  llgnlf leant  design  data,  design  assumptions,  design  computations, 
specification  requirements,  construction  equipment,  construction 
procedures,  construction  experience,  field  control  and  record  control 
test  data  and  embankment  performance  as  monitored  by  instrumentation 
during  construction  and  during  initial  lake  filling.  This  report  is 
Intended  to  provide  in  one  volume  the  significant  information  needed  by 
engineers  to  (1)  familiarize  themselves  with  the  project,  (2) 
re-evaluate  the  embankment  in  the  event  unsatisfactory  performance 
occurs,  and  (3)  provide  guidance  for  designing  comparable  future 
projects. 
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Pertinent  Date 


1-05 .  General. 

Location  of  the  Project 

Operating  Agency 
Purpose 

Authorization 

Closure  of  Dam 

Began  Multipurpose  Operations 

Cost  of  Project 
Dam  &  Reservoir 


On  Marais  des  Cygnes  River, 

4  miles  upstream  of 
Melvem,  Kansas 

Corps  of  Engineers 
Project  Manager  onsite 

Flood  control,  water  supply, 
water  quality,  recreation, 
and  fish  and  wildlife 

Flood  Control  Act  of  1954, 
Public  Law  83-780,  Water 
Supply  Act  of  1958,  Title 
II  Public  Law  85-500 

2  October  1970 

January  1975 

$26,230,000  (1963) 


Basin 


Drainage  area  above  Dam  349  square  miles 

Approximate  Length  of  Lake  13  miles 

Average  Width  of  Lake  1  mile 

Channel  Capacity: 

Dam  to  confluence  with  110-mile  Creek  9,000  sec. -feet 
Zero  damage  flow  In  above  reach  7,000  sec.-feet 

Fee  Taking  Line,  elevation  m.s.l.  1,062.0  feet 

Maximum  Discharge  of  Record  68,500  c.f.s. 

at  Melvem,  Kansas,  11  July  1951 


Dam  and  Embankment 

Type 

Fill  Quantity 
Crest  Elevation 
Top  Width 
Maximum  Base  Width 


Rolled  earthflll 
8,000,000  cubic  yards 
1078.0  feet 
30  feet 
915  feet 
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Dam  and  Embankment  —con, 


Length 

Maximum  Height  above  Streambed 
Freeboard 

Type  and  Number  of  Instrumentation 
Devices: 

Air  Operated  Earth  Pressure  Cells 
(Goetzl  Cells) 

Sonic  Transducer  Boxes 
Piezometers  in  Conduit 
Alinement  Lines 

Air  Operated  Pore  Pressure  Cells 
Open  Tube  Piezometers 
Settlement  Devices 
Settlement  Monuments  (on  crest) 


9,750  feet 
123  feet 
5  feet 


5  each 

6  each 
24  each 

2  each 
31  each 
33  each 

3  each 
9  each 


Reservoirs 


Pool 

Surcharge 
Flood  Control 
Multipurpose 
Gross  Storage 
Sedimentation 
Reserve 


Elevation  of 
Top  of  Zone 

(ft. ,  m.B.l.) 

1073.0 

1057.0 

1036.0 


Storage  Allocation 


Surface 

Area 

(Acres) 


13,950 

6,930 


Initial 

(ac.-ft.) 


209,000 

154,000 

363,000 


100-yeai 

(ac.-ft/) 


200,000 
137 ,000 
337 ,000 

26 ,000* 


♦Initial  distribution  1/3  (9,000  acre-feet)  to  the  flood  control  zone 
and  2/3  (17,000  acre-feet)  to  the  multipurpose  zone. 


Spillway 


Location 

Type 

Crest  Elevation 
Width 

Discharge  Capacity  at 
Elevation  1073.0  feet 
Side  Slopes 


2,000  feet  beyond  left 
abutment 
Uncontrolled 
1057.0  feet 
200  feet 
35,500  c.f.s. 

1  on  2.5 


V-l-3 


.  t.  %©*#'  t  v  .  vMtl'.A.  sf  . 


Location 


Outlet  Works 


Dam  Station  45+00  near 
right  abutment 


Type 


Single  Horseshoe,  11.5 
feet  diameter 


Invert  Elevation  of  Conduit 
Length  of  Conduit 
Capacity  at  Elevation  1057.0 
Capacity  at  Elevation  1036.0 
Service  Gate  No.,  Size,  Type 

Emergency  Gate  No.,  Size,  Type 

Stilling  Basin 


Intake  962.0  feet 

Outlet  952.0  feet 

Portal  to  Portal  855  feet 

Conduit  only  767  feet 

Two  service  gates  fully 
open  -  7,100  c.f.s. 

Two  service  gates  fully 
open  -  6,300  c.f.s. 

Two  6-  by  12-foot,  hydrau¬ 
lically  operated  slide 
gates  with  2-  by  2-foot 
low  flow  gate 

Two  6-  by  12-foot,  hydrau¬ 
lically  operated  slide 
gates 

30-  by  84-foot  single 
rectangular 


1-06 .  List  of 

Contracts. 

Construction  Dates 

Project 

Contract  No. 

Begun 

Accepted 

Relocation  of 

State  Highway 

67-C-0015 

28  Oct  66 

5  Nov  73 

Right  Abutment 

Access  Roads 

67-C-0164 

29  Hay  67 

3  Jul  68 

Construction  of 
Melvern  Dam 

68-C-0012 

10  Aug  67 

21  May  73 
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List  of  Contracts.  — con 


Project 

Contract  Mo. 

Construction 

Begun 

Dates 

Accepted 

Construction  of 
Administrative 
Facilities 

68-C-0018 

31  Aug  67 

4  Oct  68 

Relocation,  Rearrange¬ 
ment  or  Alteration  of 
Facilities 

68-C-0021 

22  Jan  68 

3  Nov  72 

Alteration  of  Gas 
Pipeline 

70-C-0014 

9  Apr  70 

13  Apr  71 

Relocation,  Removal 
and  Alteration  of 
Powerlines 

70-C-0047 

29  Jun  70 

6  Nov  72 

Relocation,  Removal 
of  Electrical 
Powerlines 

71-C-0003 

12  Jul  70 

15  Aug  73 

Relocation,  Altera¬ 
tion,  and  Removal 
of  Telephone  Lines 

71-C-0016 

8  Jan  71 

9  Sep  72 

Relocation  and  Alter¬ 
ation  of  Telephone 
Facilities 

7 l-C-0017 

23  Jun  71 

5  Oct  72 

Osage  County  Road 
Relocation  and  Sun 
Dance  Public  Use 

Area  Development, 

Phase  I 

71-C-0018 

26  Aug  70 

13  Dec  72 

Clearing,  Stage  I 

7 l-C-0135 

17  May  71 

10  Feb  72 

Construction  of 

Public  Use  Area 
Development,  Phase  I 

72-C-0005 

6  Aug  71 

2  Jun  72 
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Construction 

Dates 

Project 

Contract  No. 

Begun 

Accepted 

Construction  of 

72-C-0086 

11  Feb  72 

1  May  74 

Osage  County  Road 
Relocation,  Phase  II 

Lake  Clearing,  Stage  II 

72-C-0108 

28  May  72 

29  Sep  72 

1-07.  Project  Features.  The  project  consists  of  three  principal 
features;  (1)  rolled  earthfill  embankment,  (2)  controlled  outlet  works, 
and  (3)  uncontrolled  service  spillway.  See  Plate  No.  2.  The  embankment 
extends  9,750  feet  across  the  valley  and  rises  123  feet  above  the 
streambed.  The  controlled  outlet  works  consists  of  an  intake  tower,  a 
conduit  extending  through  the  embankment,  a  stilling  basin,  and  approach 
and  outlet  channels.  The  control  tower  is  equipped  with  two 
hydraulically  operated  slide  gates  and  two  emergency  gates  to  regulate 
the  flow  through  the  dam.  The  single  horseshoe  conduit  11.5  feet  in 
diameter,  is  767  feet  long  and  has  a  discharge  capacity  of  7,100  cubic 
feet  per  second  at  full  pool.  The  stilling  basin  is  constructed  to 
reduce  the  velocity  of  water  released  through  the  conduit  before  flowing 
into  the  outlet  channel.  The  uncontrolled,  200  feet  wide  emergency 
service  spillway  is  located  in  a  small  draw  on  the  left  abutment.  The 
spillway  concrete  control  sill,  25  feet  in  breadth,  extends  across  the 
entire  spillway  width  and  is  anchored  to  the  limestone  below.  The 
spillway  crest  elevation  1057.0  controls  the  full  pool  reservoir  which 
has  a  storage  capacity  of  337,000  acre-feet.  The  Melvem  Lake 
multipurpose  pool  elevation  is  1036  feet,  with  a  surface  area  of 
6,930  acres  extending  upstream  approximately  13  miles  from  the  damsite 
to  a  point  in  the  streambed  near  the  Lyon-Osage  County  line  north  of 
Reading,  Kansas.  The  flood  pool  elevation,  1057.0  feet,  has  a 
surface  area  of  13,950  acres.  The  dam  is  situated  just  downstream  from 
where  Elm  Creek,  142-Mile  Creek,  Duck  Creek,  and  Hill  Creek  all  converge 
to  form  the  main  stem  of  the  Marais  dee  Cygnes  River.  The  general  flow 
of  the  Marais  des  Cygnes  River  is  eastward  toward  the  Kansas-Missouri 
state  line.  In  western  Missouri,  it  is  Joined  by  a  number  of  other 
streams  to  form  the  Osage  River,  which  flows  into  the  Missouri  River 
Just  east  of  Jeferson  City,  Missouri.  The  Osage  River,  together  with 
its  Marais  des  Cygnes  River  tributary,  drains  a  watershed  siea  of  15,300 
square  miles  in  east-central  Kansas  and  west-central  Missouri.  Three 
hundred  and  forty-nine  (349)  square  miles  of  this  watershed  comprise  tae 
drainage  area  for  Melvern  Lake. 
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1-08.  Embankment  Description.  The  embankment  is  approximately 
9,750  feet  In  length,  with  a  maximum  height  above  the  atreaabed  of  123 
feet,  and  an  average  height  above  the  flood  plain  of  100  feet. 

Elevation  of  top  of  dam  is  1078.0,  which  includes  freeboard  allowance  of 
5.0  feet  above  the  maximum  spillway  design  flood.  Crest  elevation  of 
the  uncontrolled  service  spillway  is  at  full  pool  elevation  1057.0,  21.9 
feet  below  top  of  dam.  The  rolled  fill  embankment  consists  of 
Impervious,  pervious,  random,  and  berm  zones.  The  centrally  located 
Impervious  zone  includes  a  cutoff  trench  extending  to  bedrock.  The 
upstream  and  downstream  random  and  berm  zones  were  designed  to  make  uses 
of  material  from  required  excavations  and  near  by  borrow.  A  dowatream 
inclined  and  horizontal  pervious  drain  are  provided  for  seepage  control. 
In  order  to  decrease  the  length  of  the  conduit  and  provide  better 
seepage  control,  the  embankment  around  the  conduit  was  constructed 
entirely  of  impervious  except  for  the  pervious  drain.  The  top  width  of 
the  embankment  is  30  feet,  and  accommodates  a  30-foot  wide  service  road. 
For  the  typical  valley  section  an  upstream  slope  of  IV  on  3H  has  been 
used  from  the  crest  (elevation  1078.0)  to  elevation  1041.0,  followed  by 
a  IV  on  8H  slope  to  elevation  1015.0,  then  a  IV  on  4H  slope  to  the 
ground  surface.  The  downstream  valley  slope  is  a  IV  on  2.5H  from  the 
crest  to  elevation  1048.0,  followed  by  a  IV  on  6H  slope  to  elevation 
1008.0,  then  IV  on  4H  to  the  ground.  The  conduit  section  upstream 
slopes  are  IV  on  3H  to  elevation  1048.0,  IV  on  5H  to  elevation  988.0, 
and  IV  on  3.5H  to  the  ground  surface.  The  downstream  conduit  slopes  are 
IV  on  2.5H  to  elevation  1048.0  and  IV  on  5H  to  the  service  road  behind 
the  stilling  basin. 

1-09.  History  of  Construction  Contract.  The  basic  embankment  and 
outlet  works  construction  was  accompished  in  one  stage,  beginning  in 
August  1967,  and  final  acceptance  of  the  work  was  made  21  Hay  1973. 
Excavation  and  embankment  placement  ws  done  by  the  prime  contractor, 

Cook  Construction  Company  of  Jackson,  Mississippi.  The  drilling  and 
grouting  for  the  grout  curtain  was  accomplished  by  subcontractor.  Golden 
Drilling  Company  of  Golden,  Colorado.  The  concrete  structures  for 
outlet  works  and  stilling  basin  were  done  by  subcontractor,  Bushman 
Construction  Company  of  Grand  Island,  Nebraska.  All  work  during 
construction  was  done  under  the  supervision  of  the  Resident  Engineer's 
office,  Melvern  Dam  and  Reservoir,  Mr.  Kenneth  A.  Rowen,  Resident 
Engineer.  Initially  Mr.  Reuben  J.  Vig  was  the  Project  Geologist 
followed  by  Mr.  John  Doty.  Mr.  Marty  Mueller  was  the  chief  embankment 
inspector.  Total  bid  price  of  the  construction  contract  was  $9,834,632; 
total  final  payment  was  $10,056,206.10.  There  were  a  total  of  45 
modifications  to  the  contract. 

1-10.  Significant  Operational  Events.  The  only  significant 
operational  events  since  project  completion  have  been  associated  with 
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pool  levels.  The  first  event  was  the  first  filling  of  the  reservoir, 
beginning  in  March  1973  and  continuing  in  June  19...  when  the  pool  rose 
to  elevation  1040.0.  (Multipurpose  pool  elevation  1036.0  was  reached  in 
April  1975.)  The  second  event  occurred  on  27  June  1977  when  the  pool 
reached  a  maximum  elevation  of  1047.07,  11.07  feet  above  the  normal 
fool.  The  project  stored  246,650  acre-feet  of  flood  water  and  prevented 
significant  flood  damaged  downstream.  Slow  release  of  the  storage 
continued  until  the  pool  was  again  at  the  normal  level.  The  embankment, 
outlet  works,  and  riprap  protection  performed  satisfactorily  during 
these  two  events. 
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CHAPTER  2 
SITE  GEOLOGY 


2-01.  Geologic  Structure.  The  Melvern  Lake  la  located  within  the 
Osage  Plains  section  of  the  Central  Lowlands  Physiographic  Province. 

The  topography  Is  that  of  a  dissected  plain  developed  on  unequally 
resistant  shale  and  limestone  formations.  The  gently  rolling  topography 
has  valleys  which  are  comparatively  wide  in  reference  to  the  height  of 
the  surrounding  hills.  The  hills  have  moderate  to  steep  slopes  and  are 
about  100  to  150  feet  above  the  valley  floor.  Kansas  Is  in  the  Central 
Stable  Region  of  North  America,  an  extension  of  the  Canadian  Shiels.  A 
thin  mantle  of  sedimentary  rocks  consisting  of  many  thin  units  lying 
nearly  parallel  to  one  another  cover  the  Pre-Cambrian  complex.  The 
Melvern  damslte  lies  in  the  southwestern  part  of  the  structure  province 
called  the  Forest  City  Basin.  The  proximity  of  the  Basinal  axis,  the 
Brownvllle  Syncline  to  the  Nemaha  Anticline  produces  an  asymmetrical 
profile.  The  beds  on  the  west  flank  are  relatively  steep  while  the  beds 
on  the  east  flank  rise  gently  toward  the  Ozark  Dome  in  Missouri.  The 
gradual  westward  dip  of  20  to  30  feet  per  mile  from  the  Ozark  Dome  to 
the  Brownvllle  Syncline  forms  the  structure  called  the  Prairie  Plains 
Homocllne.  Melvern  damslte  is  located  on  the  Homocllne.  Pleistocene 
deposits  in  Kansas  consist  chiefly  of  fluvial  deposits.  Glacial  sedi¬ 
ments  left  by  the  retreating  ice  sheet  occurs  only  in  the  northeastern 
section  of  Kansas.  The  fluvial  deposits  in  the  streambeds  and  flood 
plain  of  the  valleys  consist  of  clay,  silt,  sand  and  gravel.  Thesa 
deposits  are  of  Wisconsin  and  Recent  age.  The  embankment  fill  was 
obtained  from  the  unconsolidated  deposits  of  Recent  and  Pleistocene  age. 
This  material  consists  of  residual,  colluvial,  and  fluvial  deposits. 

The  major  source  of  material  for  the  embankment  was  obtained  from  the 
alluvial  deposits  of  the  flood  plain  in  the  upstream  and  downstream 
borrow  areas.  See  Plate  Nos.  II,  12  and  13  for  geologic  information. 
Preliminary  investigations  for  the  Melvern  damslte  were  made  during  the 
fall  and  winter  of  1940-41,  and  Included  23  borings,  as  part  of  a  study 
on  the  Marais  des  Cygnes  basin.  Investigations  include  a  total  of  327 
additional  borings  consisting  of  auger,  drive,  push  (undisturbed)  and 
core  (primarily  NX  2-1/8  inches) ,  made  during  the  period  from  September 
1963  through  September  1966.  Refraction  seismograph  and  electrical 
resistivity  studies  were  also  used  for  Investigations.  Foundation  bor¬ 
ings  for  the  embankment,  spillway  and  outlet  works  structures  were  ob¬ 
tained.  Many  of  the  embankment  foundation  borings  were  assigned  to 
obtain  undisturbed  samples  for  triaxlal  testing  of  bedrock  members.  The 
siting  of  the  spillway  and  intake  tower  structures  were  dependent  primar¬ 
ily  on  the  position  of  certain  limestone  members.  During  construction, 
about  20  test  pits  were  dug  in  the  borrow  areas  by  a  bulldozer.  The  pur¬ 
pose  was  to  obtain  additional  information  for  delineating  the  type  of 
borrow  material  available  for  the  embankment.  Embankment  observation 
devices  were  Installed  during  the  fall  of  1967  and  spring  of  1968.  A 
total  of  39  holes  were  drilled;  24  for  pore  pressure  devices;  12  for 
piezometers;  and  3  for  settlement  plates. 
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CHAPTER  3 

EMBANKMENT  DESIGN  AND  CONSTRUCTION 


3-01.  Foundation  and  Abutment  Treatment.  The  foundation  for  the 
cutoff  trench  was  excavated  to  firm  bedrock.  Considerable  more 
excavation  was  required  than  originally  estimated,  due  to  highly 
weathered  and  jointed  limestone.  Vertical  joints  in  the  limestone 
varied  from  hairline  up  to  1  foot  in  width.  The  larger  joints  were 
filled  with  a  very  soft,  moist,  fat  clay  which  was  not  considered  to 
be  a  suitable  material.  Badly  weathered  limestone  was  removed  until  the 
joint  openings  were  closer  spaced  and  contained  a  sufficient  cover  of 
firm  shale  above  it.  A  modification  was  made  to  the  contract  to  place 
filter  gravel  against  exposed  ledges  of  limestone  on  the  downstream  side 
of  the  cutoff  trench.  The  purpose  was  to  prevent  piping  of  impervious 
fill  through  any  passageways  in  the  limestone.  No  leakage  problems  were 
anticipated  and  leakage  around  the  ends  of  the  abutments  would  require 
long  passage  for  the  water.  Extension  of  the  grout  line  at  both  ends  of 
the  abutment  could  be  accomplished  easily  at  little  expense  requiring  no 
drilling  in  the  embankment  fill.  The  shale  of  the  Tecumseh  A  was  very 
soft  and  moist  in  the  vicinity  of  station  37400  and  some  trouble  was 
encountered  in  cleaning  the  foundation  before  placing  impervious 
backfill.  Arteslal  pressure  was  encountered  in  grout  holes  in  this 
area.  The  artesian  elevation  is  at  or  above  multipurpose  pool  of 
1036.0. 

3-02.  Seepage  Control. 

a.  General .  Seepage  beneath  the  embankment  is  controlled  by 
the  impervious  cutoff  and  bedrock  grouting  under  the  embankment 
impervious  zone.  Seepage  through  the  embankment  is  controlled  by  an 
Inclined  and  horizontal  pervious  drain. 

b.  Underseepage .  A  cutoff  trench  was  determined  necessary 
because  of  the  possible  permeability  and  interconnection  of  the  lower 
foundation  lenses  and  strata  as  Interpreted  from  borings;  the  borderline 
factors  of  safety  against  uplift  pressure  at  the  downstream  embankment 
toe,  and  the  inability  to  design  relief  wells  to  relieve  excess  pressures 
in  the  semipervlous  thin  lensed  water  bearing  strata. 

c.  Through-seepage .  Several  different  geometric  configurations 
for  the  pervious  zone  were  considered.  The  adopted  design  was  the  most 
economical  scheme  considered  fully  adequate.  An  alternate  material 
considered  for  use  in  the  horizontal  portion  of  the  adopted  design  was  3 
feet  of  grizzled  rock  mixed  with  18  inches  of  grizzly  fines.  The  cost  of 
this  alternate  was  $330,000  more  and  was  not  considered  as  desirable  as 
the  natural  sand  that  was  used.  Because  the  pervious  material  was 
costly,  extensive  studies  were  undertaken  to  obtain  maximum  seepage 
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control  with  minimum  pervious  material.  Positioning  of  the  inclined 
pervious  was  the  result  of  stability  studies  which  balanced  overall 
embankment  size  and  required  quantities  for  pervious  material.  The 
selected  position  utilized  the  maximum  stability  for  the  smallest 
embankment  and  pervious  drain  size.  The  inclined  pervious  location 
assures  the  saturation  line  is  kept  well  within  the  downstream  slope  and 
provides  filter  protection  against  failure  due  to  embankment  cracking  for 
the  most  frequent  pool  elevations. 

3-03.  Slope  Protection. 

a.  General .  Two  graded  riprap  layers  were  placed  on  the 
embankment.  The  30-inch  layer  which  was  placed  above  elevation  1037.0 
and  on  the  IV  on  5H  conduit  slope,  was  underlain  with  a  12-inch  spall 
layer  and  12-inch  spall  layer  and  12-inch  bedding  layer.  The  24-inch 
graded  riprap  layer  on  the  IV  on  8H  slope  was  placed  over  a  9-inch  spall 
layer  and  6-inch  bedding  layer  the  riprap  and  embankment.  A  5-foot  layer 
of  limestone  was  placed  on  the  1  on  8  slope  between  elevations  1015.0  and 
1027.0  (10-year  drawdown).  A  3-foot  layer  of  limestone  and  shale  was 
placed  between  the  natural  ground  and  elevation  1015.0.  A  36-inch  graded 
riprap  layer  (with  12-lnch  spalls  and  12-lnch  bedding)  was  placed  in  the 
stilling  basin  area  of  the  outlet  channel.  Stone  for  riprap  was  not 
blasted  or  quarried  between  1  October  and  1  April.  Type  "C"  (36-inch) 
riprap  in  the  closure  area  was  stockpiled  and  allowed  to  dry  for  a  period 
of  3  months  prior  to  placement.  To  facilitate  drying,  the  stockpile  did 
not  exceed  6  feet  in  height. 

b.  Placement.  The  better  quality  rock  material  was  used  for 
the  graded  riprap.  Poorer  quality  materials  (limestone  and  shale)  were 
used  between  the  bottom  of  the  riprap  and  natural  ground.  The  poorer 
quality  rock  provided  protection  while  the  reservoir  was  being  filled  and 
in  case  lower  drawdown  occurs.  Each  layer  of  slope  protection  was  placed 
in  one  operation  to  the  full  layer  thickness.  To  provide  Increased 
erosion  protection  on  the  berm,  a  minimum  5-foot  layer  of  fat  clay  was 
placed  Immediately  underlying  the  slope  protection.  Since  fat  clay  was 
in  ample  supply  in  the  borrow  area  and  was  a  short  haul,  its  use  at  this 
location  was  cost  effective. 

c.  Gradations.  The  5-foot  layer  of  limestone  fill  was  hard 
durable  limestone  with  a  maximum  allowable  size  of  30  inches.  Fifty 
percent  of  the  rock  was  between  6  inches  and  12  inches,  vith  5  to  20X 
passing  the  2-inch  screen.  The  3-foot  layer  of  limestone  and  shale  on 
the  1  on  4  slope  between  natural  ground  and  elevation  1003.0  was  a  well 
graded  mixture  of  Jackson  Park  Shale  from  required  excavation.  Between 
elevation  1003.0  and  1015.0  the  shale-limestone  contained  a  uniform 
distribution  of  limestone  and  shale  from  the  Ozawakle  Limestone  Zone  "A" 
spillway  excavation.  The  source  of  stone  for  riprap,  bedding  and  spalls 
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was  the  Cook  Construction  Company  Quarry  located  1-1/2  miles  southwest  of 
Melvern,  Kansas,  NW  1/4  Section  16,  T18S,  R16E,  Osage  County,  A  16-foot 
ledge  of  the  Plattsmouth  Limestone  from  the  Oredd  Formation,  Shawnee 
Group  was  approved.  Stone  protection  materials  were  a  reasonably  uniform 
material  graded  from  coarse  to  fine  within  and  between  the  following 
limits: 


Sieve  Size 

2-inch 
1/ 2-inch 
No.  10 
No.  40 

8-inch 
4-inch 
1  1/ 2-inch 
1-inch 

Weight  in  pounds 
per  stone 


Bedding 


Spalls 


Percent  by  weight  passing 

Maximum  allowable  size 
75-95 
35-50 
5-20 


Maximum  allowable  size 
70-90 
15-40 
0-15 

Percent  of  total  weight 
lighter  than 


700 

500 

200 

50 


1,600 

1,300 


Type  "A"  Riprap  ( 24-inch) 

Maximum  allowable  size 
85-93 
30-50 
0-10 

Type  "B"  Riprap  (30-inch) 

Maximum  allowable  size 
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85-95 


600 


30-10 


100 

0-10 

Type  ”C"  Riprap  (36-inch) 

2,400 

Maximum  allowable  size 

1,800 

85-95 

600 

30-50 

50 

0-10 

3-04,  Diversion  and  Closure.  During  the  initial  period  of  outlet 
works  construction,  a  levee  was  built  for  protection  against  floods.  The 
river  was  temporarily  diverted  into  a  diversion  channel  around  the 
approach  walls  and  Intake  tower,  through  the  embankment  area  and  along 
the  downstream  embankment  toe.  The  embankment  to  the  left  of  the 
diversion  channel  ws  constructed  to  a  minimum  elevation  of  1041.0,  the 
outlet  works  completed,  and  right  bank  embankment  was  constructed  to 
elevation  1060.0.  Diversion  of  the  river  through  the  outlet  works  began 
15  September  1970.  The  general  plan  of  making  final  diversion  and 
closure  is  shown  on  Plate  No.  7  and  involved  the  following  sequence  of 
operations: 

a.  Removal  of  downstream  channel  plug  and  outlet  works 
protection  levee  leaving  the  upstream  river  channel  plug  until  last. 

b.  Construction  of  the  diversion  dike  to  elevation  979.0. 

c.  Foundation  excavation  and  cleanup  in  closure  area. 

d.  Construction  of  the  Initial  upstream  cofferdam  to  elevation 

1000.0. 

e.  Construction  of  remainder  of  the  upstream  cofferdam  to 
elevation  1015.0  and  placement  of  the  downstream  cofferdam  to  elevation 
972.0. 

f.  Completion  of  the  closure  embankment  to  an  effective 
elevation  of  1041.0  by  March  1971.  Details  of  the  various  operations  and 
selection  of  cofferdam  elevations  are  discussed  in  subsequent  paragraphs. 

3-05.  Time  of  Diversion.  The  period  of  1  August  to  31  March  was 
selected  for  diversion  and  closure.  The  river  was  diverted  through  the 
outlet  works  on  15  September  1970  and  actual  closure  of  the  dam  began  on 
2  October  1970.  The  upstream  cofferdam  was  constructed  to  elevation 
1015.0  in  order  to  provide  protection  against  flows  during  the  closure 
period. 
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3-06.  Diversion  Dike.  The  diversion  dike  was  located  at  the 
upstream  edge  of  the  cofferdam.  It  had  a  top  width  of  15  feet  at 
elevation  979.0.  Most  of  the  material  was  stockpiled  adjacent  to  the 
rlverbank  for  quick  placement  at  the  start  of  diversion.  The  resultant 
duaped  fill  was  sufficiently  impervious  to  reduce  the  flow  without  the 
addition  of  special  blanketing  material  on  the  upstream  slope  other  than 
channel  fill.  During  diversion  channel  construction  muck  and  silt  were 
removed  from  beneath  the  diversion  dike  and  replaced  with  impervious 
material.  To  reach  elevation  979.0  the  diversion  dike  required  the 
placement  of  about  9,000  cubic  yards. 

3-07.  Upstream  Cofferdam.  A  top  width  of  50  feet  was  established, 
which  was  adequate  for  a  two-way  haul  road  and  to  allow  room  for  quickly 
raising  the  cofferdam  if  high  water  occurred.  The  cofferdam  top 
elevation  was  1015.0  and  the  base  width  475  ft.  Because  the  compaction 
control  during  the  cofferdam  construction  was  difficult  and  hurried,  it 
was  considered  to  locate  the  cofferdam  slightly  outside  the  upstream 
embankment  slope.  However,  since  the  cofferdam  was  constructed  entirely 
of  random  material  (no  berm  material),  it  was  finally  decided  to  locate 
it  so  the  upstream  slope  coincided  with  the  upstream  embankment  slope. 
After  the  diversion  dike  construction,  muck  and  silt  were  removed  from 
beneath  the  cofferdam,  beginning  at  the  upstream  end  and  continuing 
downstream  as  the  diversion  channel  drained.  The  cofferdam  was  completed 
as  fast  as  practical  by  placement  of  rolled  random  material,  concentra¬ 
ting  initially  in  the  upstream  area  required  for  initial  protection  to 
elevation  1000.0.  Impervious  channel  fill  upstream  of  the  cofferdam  was 
placed  concurrently  with  cofferdam  construction  in  order  to  lengthen  the 
seepage  path  beneath  the  cofferdam  in  the  event  high  water  occurred. 

3-08 •  Downstream  Cofferdam.  Construction  of  the  downstream 
cofferdam  (elevation  972.0)  was  delayed  until  the  water  had  drained  out  of 
the  closure  area.  This  cofferdam  was  outside  the  embankment  limits; 
therefore,  only  traffic  compaction  was  required. 
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CHAPTER  4 

EMBANKMENT  SPECIFICATION  REQUIREMENTS 


4-01.  General .  Significant  types  of  materials  that  were  placed 
in  the  embankment  were  impervious,  random,  berm,  pervious,  and  rockflll. 
Materials  were  placed  in  the  appropriate  embankment  zone  as  determined 
during  the  excavation.  No  material  suitable  for  pervious  or  impervious 
was  to  be  placed  in  the  random  zone  unless  it  was  apparent  that  there 
would  be  a  surplus  of  the  appropriate  material  for  the  required  fill 

4-02 .  Description,  Placement ,  and  Density  Control  of  Embankment 
Material.  The  embankment  specifications  were  based  on  guide 
specifications  and  experience  on  similar  embankments  built  throughout  the 
Kansas  City  District.  The  compaction  specifications  was  a  procedural  one 
in  that  it  specified  the  equipment  and  procedure  to  be  used  and  the 
conditions  of  moisture  and  the  material  type  necessary  for  compaction. 

The  assumption  was  Chat  if  these  procedures  were  used  and  the  conditions 
met  then  the  required  density  would  be  attained. 

4-03.  Compaction  Equipment. 

a.  Tamping  Rollers.  The  tamping  rollers  consisted  of  heavy 
duty,  double  drum  units  with  a  drum  diameter  not  less  than  60  inches  and 
an  individual  drum  length  of  not  less  than  60  inches.  The  drums  were 
ballasted  with  liquid  or  sand  and  liquid.  Each  drum  had  staggered  feet 
uniformly  spaced  over  the  cylindrical  surface  such  aB  to  provide 
approximately  three  tamping  feet  for  each  two  square  feet  of  drum 
surface.  The  tamper  feet  were  to  be  seven  to  nine  inches  in  clear 
projection  from  the  cylindrical  surface  of  the  roller  and  have  a  face 
area  of  not  less  than  7  nor  more  than  10  square  Inches.  The  roller  was 
equipped  with  cleaner  bars,  so  designed  and  attached  as  to  prevent  the 
accumulation  of  material  between  the  tamping  feet,  and  these  cleaner  bars 
were  maintained  at  their  full  length  throughout  the  period  of  roller 
use.  The  weight  of  the  roller  were  not  less  than  3,500  pounds  per  foot 
of  linear  drum  length  empty.  The  design  and  operation  of  the  tamping 
roller  were  subject  to  approval.  The  allowable  roller  was  self- 
propelled,  speed  was  2-1/2  to  5  miles  per  hour.  The  self-propelled 
sheepsfoot  Model  50-55  roller  manufactured  by  R.  G.  Le  Toumeau,  Inc.  was 
the  approved  sheepsfoot  roller. 

b.  Rubber-tired  Roller .  The  rubber-tire  rollers  has  a  minimum 
of  four  wheels  equipped  with  pneumatic  tires.  The  tires  were  of  such 
size  and  ply  that  they  were  maintained  at  tire  pressures  between  80  and 
100  pounds  per  square  inch  for  a  25 ,000  pound  wheel  load  during  rolling 
operations.  The  roller  wheels  were  locatd  abreast  and  so  designed  that 
each  wheel  carried  approximately  equal  load  in  traversing  uneven  ground. 
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The  spacing  of  the  wheels  were  such  that  the  distance  between  the  nearest 
edges  of  adjacent  tires  were  not  greater  than  50  percent  of  the  tire 
width  of  a  single  tire  at  the  operating  pressure  for  a  25,000  pound  wheel 
load.  The  wheel  suspension  was  designed  for  traveling  over  rough  and 
uneven  ground.  The  roller  had  a  rigid  steel  frame  provided  with  a  body 
suitable  for  ballast  loading  such  that  the  load  per  wheel  may  be  varied 
as  direted  from  18,000  to  25,000  pounds.  The  roller  had  to  be  fitted 
with  cleaner  bars  if  they  would  Increase  the  equipment  efficiency.  The 
entire  assembly  (roller  plus  motivating  equipment)  had  to  be  capable  of 
executing  a  180-degree  turn  on  a  25-foot  radius.  The  roller  had  to  be 
towed  at  speeds  not  to  exceed  5  miles  per  hour.  The  Grace  50  ton  Model 
Mo.  W18R,  rubber-tired  roller  was  approved  for  this  operation. 

c.  Vibratory  Rollers.  The  vibratory  rollers  has  a  total  static 
weight  of  not  less  than  10,000  pounds  with  at  least  90  percent  of  this 
weight  transmitted  to  the  ground  through  a  single  smooth  drum  when 
standing  on  level  ground.  The  drum  had  a  diameter  of  not  less  than  48 
inches  and  a  width  between  60  and  72  inches,  and  the  weight  of  the  drum, 
shaft  and  internal  machinery  was  not  less  than  6,500  pounds.  The 
frequency  of  vibration  during  operation  was  within  1,100  and  1,500 
vibrations  per  minute,  and  the  dynamic  or  vibrating  force  at  the 
operating  frequency  was  not  less  than  15,000  pounds.  The  roller  produced 
a  total  minimum  compactive  effort  of  25,000  pounds  (dynamic  or  vibrating 
force  plus  the  static  weight  of  the  roller).  The  roller  was  towed  at 
speeds  not  to  exceed  1.5  miles  per  hour  by  a  suitable  crawler-type 
tractor,  or  be  self-propelled.  For  self-propelled  rollers,  in  which 
steering  was  accomplished  through  the  use  of  rubber  tire  wheels,  the  tire 
pressure  was  not  to  exceed  40  pounds  per  square  inch.  The  roller  was 
operated  in  the  forward  direction  except  as  otherwise  approved  for  the 
equipment  to  be  used.  The  Selshuc  Model  VP- 10  was  approved  for  use  in 
compacting  the  pervious  material. 

4-04.  Moisture  Control :  Impervious.  The  moisture  content  was 
required  to  be  as  uniform  as  practicable  throughout  any  one  layer  of 
material.  The  upper  limit  of  moisture  content  was  that  which  permitted 
excavating,  hauling,  placing,  and  proper  compaction  without  excessive 
deformation  of  the  embankment  but  was  not  more  than  three  percent  above 
the  optimum  value  at  maximum  density.  The  lower  limit  of  moisture 
content  was  not  more  than  two  percent  below  the  optimum  value.  The 
optimum  water  content  was  determined  as  specified  for  standard  compaction 
test  in  Corps  of  Engineers  Manual  EM  1110-2-1906  dated  10  May  1965, 
Appendix  VI.  Material  that  had  a  moisture  content  greater  than  specified 
was  spread  on  the  embankment  and  permitted  to  dry,  assisted  by  discing  or 
harrowing,  if  necessary,  until  moisture  content  was  reduced  to  within  the 
specified  limits.  Each  layer  of  material  that  had  a  moisture  content 
less  than  specified  was  sprinkled  on  the  fill  and  worked  with  harrows, 
discs,  or  other  approved  methods  until  the  moisture  content  was  within 
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the  range  specified  and  uniform  distribution  of  moisture  was  obtained. 

4-05.  Pervious .  The  material  was  wetted  as  directed,  to  facilitate 
compaction.  The  amount  of  water  added  essentially  produced  saturation 
when  the  material  was  being  compacted.  Water  was  applied  by  power  spray, 
which  uniformly  wet  the  material  without  erosion  or  ponding. 

4-06.  Random .  Moisture  content  was  controlled  the  same  as 
impervious. 

4-07.  Berm.  Moisture  content  was  limited  to  the  extent  required  to 
permit  even  routing  of  the  hauling  equipment. 


CHAPTER  5 
INSTRUMENTATION 


5-01.  General .  Instrumentation  was  installed  for  the  following 
purposes . 


a.  To  measure  pore  pressures  during  construction  in  foundation 
overburden  clays  and  shales. 

b.  To  measure  pore  pressures  during  construction  in  compacted 
embankment  material. 

c.  To  measure  hydrostatic  pressures  and  establish  underseepage 
gradients  in  basal  gravels  after  completion  of  the  project. 

d.  To  measure  total  earth  forces  on  the  side  and  back  of  the 
intake  tower. 

e.  To  measure  foundation  settlement  during  and  after 
construction. 

f.  To  measure  combined  foundation  and  embankment  settlement  upon 
completion  of  the  project. 

Instnmentation  to  determine  foundation  excess  hydrostatic  pressures  was 
limited  to  the  area  where  the  embankment  exceeds  50  feet  in  height.  All 
initial  installations  were  done  by  hired  labor  crews  who  were  experienced 
in  similar  installations.  Extensions  as  necessary  were  accomplished  by 
the  Contractor. 

5-02.  Location .  The  location  of  all  devices  are  shown  in  Plate 
No. 14.  They  are  also  shown  in  cross  sections  at  stations  where  devices 
have  been  concentrated. 

a.  Devices  to  check  excess  hydrostatic  pressures  in  foundation 
shales  are  located  at  stations  44+00  and  84+00  to  check  the  pressure  in 
the  Doniphan  shale  and  at  station  56+00  to  check  the  Jackson  Park  shale. 
They  are  set  in  the  weathered  shale  about  10  feet  below  the  top  of 
bedrock. 

b.  To  check  possible  pore  pressure  buildup  in  the  foundation 
clays  during  construction,  devices  were  grouped  at  stations  54+00,  60+00, 
72+00  and  80+00,  with  additional  isolated  devices  at  other  locations.  At 
each  of  these  stations,  the  devices  were  located  under  the  embankment 
both  upstream  and  downstream  of  centerline  and  at  the  downstream  toe  to 
measure  possible  lateral  transfer  pressure.  The  group  at  stations  72+00 
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and  80+00  are  in  the  area  where  the  lowest  "Q"  strengths  were  measured. 
Those  at  station  60+00  measured  the  possible  pressure  buildup  in  the 
typical  valley  foundation  prior  to  closure  and  the  group  at  station  54+00 
measured  pressures  during  the  rapid  construction  of  the  closure  area. 

c.  Embankment  pore  pressure  devices  included  5  installations 
near  the  bottom  of  the  cutoff  trench  backfill  since  these  were  subjected 
to  the  maximum  loading.  Additional  devices  were  installed  at  various 
locations  and  elevations  throughout  the  embankment. 

d.  Devices  to  measure  hydrostatic  pressures  in  the  foundation 
basal  sands  and  gravels  were  located  generally  at  the  same  stations  as 
the  foundation  clay  pore  pressure  installations.  Because  of  the  unknown 
continuity  and  permeability  of  these  foundation  gravels,  these  devices 
furnished  information  on  possible  construction  pore  pressures  if  they 
happened  to  fall  in  discontinuous  or  perched  pervious  pockets. 

e.  Five  total  pressure  devices  were  installed  on  the  Intake 
tower  to  measure  the  earth  forces  transmitted  to  the  tower.  Two  devices 
were  installed  on  the  side  of  the  tower  and  three  on  the  back. 

f.  Three  settlement  plates  were  installed  at  the  original  ground 
surface  in  the  valley  at  stations  53+50,  60+00  and  75+00  to  measure 
foundation  settlement  during  and  after  construction. 

g.  Settlement  monuments  were  established  along  crest  of  the  dam 
after  construction  to  measure  the  total  embankment  and  foundation 
settlement  which  occurs  after  construction. 

5-03.  Pressure  Cell  and  Piezometer  Devices.  Pneumatically  operated 
pressure  cells  Included  both  Warlam  cells  and  Shannon-Wilson  (Slope 
Indicator  Co.)  cells.  The  Casagrande  type  (open-tube)  were  used  for  the 
upstream  devices  to  avoid  carrying  the  tubes  required  by  the  pneumatic 
devices  through  the  impervious  section  of  the  embankment.  The  pneumatic 
devices  were  used  for  two  reasons:  Their  response  time  should  be  faster 
than  the  open-tube  devices,  especially  in  clay  or  shale  and  they 
eliminate  the  construction  difficulty  of  extending  pipes  up  through  the 
embankment.  Furthermore,  the  mortality  rate  in  past  installations  of  the 
Casagrande  type  had  been  quite  high  because  of  settlement  drag  on  the 
pipe,  coupling  failures  and  leakage.  It  was  felt  that  much  of  this  could 
be  avoided  with  the  pneumatic  device.  A  monitor  box  for  reading  the 
Varlam  and  Shannon-Wilson  cells  is  located  at  the  downstream  toe  where  a 
number  of  the  lines  are  collected  at  one  location  for  reading.  The 
Installation  details  for  both  pneumatic  cells  and  Casagrande  type 
piezometer  are  shown  on  Plate  No.  15.  Past  experience  has  shown  that  the 
principal  problems  in  installations  of  the  Casagrande  type  in  getting  a 


positive  seal  at  the  tip  to  prevent  pressures  from  escaping  along  the 
sides  of  the  drill  hole  and  in  providing  means  to  eliminate  drag  on  the 
pipe  above  the  tip  during  settlement.  Granular  bentonite  was  used  to 
provide  a  seal  in  installations  where  the  drill  hole  was  dry.  Bentonite 
balls  (Pi-pellets)  manufactured  by  Joy  Drilling  Co.,  700  Whittier  St., 
Bronx,  N.Y. ,  were  substituted  for  the  granular  bentonite  where  conditions 
were  such  that  the  installation  must  be  made  under  water.  The  use  of 
bentonite  balls  for  under  water  installations  has  been  found  to  be  very 
satisfactory  since  they  maintain  their  structure  long  enough  to  be 
tanked.  Above  the  seal,  a  protective  pipe  with  double  bell  couplings 
(slip  joints)  was  installed  outside  the  reading  pipe  or  tubes  to  prevent 
settlement  drag  on  the  reading  pipe.  An  annular  space  outside  the 
protective  pipe  was  filled  with  bentonite  to  eliminate  excessive  drag. 

5-04.  Settlement .  The  consolidation  data  and  foundation  conditions 
at  Melvern  were  similar  to  that  at  Pomona  Dam.  The  accumulated 
settlement  during  the  embankment  construction  was  observed  by 
periodically  reading  the  settlement  plates.  Melvern  foundation  reacted 
as  that  at  Pomona  in  that  the  foundation  layer  settlement  w^s  about  80 
percent  complete  at  the  end  of  construction.  The  dam  was  overbuilt  a 
foot  to  compensate  for  the  settlement  which  occurs  after  construction. 

5-05.  Settlement  Plates.  The  three  settlement  plates  were  set  on 
original  foundation  material  to  monitor  embankment  settlement  with 
respect  to  the  foundation  and  any  foundation  consolidation.  The 
settlement  plates  are  at  stations  53+50,  60+00,  and  75+00.  The  3-inch 
galvanized  steel  pipes  extend  from  the  foundation  bedrock  vertically  to 
3-1/2  feet  above  the  embankment  surface  and  are  protected  by  6-inch 
galvanized  pipes  with  caps. 

5-06.  Settlement  Monuments .  There  are  nine  1 /2-inch  reinforcing 
rod  settlement  monuments  along  the  downstream  side  of  the  dam  crest.  The 
monuments  are  buried  6  feet  in  the  embankment  and  extend  vertically  to 
within  a  foot  of  the  dam  crest  where  they  are  protected  by  a  galvanized 
pipe  and  cap.  See  Plate  No.  15  for  details.  These  monuments  monitor 
the  combined  consolidation  of  the  embankment  and  foundation.  These 
monuments  are  read  annually.  Settlement  was  essentially  complete  by 
1975.  See  Plate  No.  16  for  readings. 

5-07.  Allnement  Lines.  Permanent  alinement  monuments  on  200-foot 
centers  were  installed  in  two  lines,  one  on  the  upstream  and  the  other  on 
the  downstream  slope  of  the  embankment.  The  upstream  line  is  set  at 
elevation  1039.6,  3.6  feet  above  multi-purpose  pool,  and  may  be 
underwater  during  flood  water  storage  periods.  The  alinement  monuments 
are  used  to  monitor  horizontal  and/or  vertical  movement  of  the  extent 
embankment  slope.  See  Plates  No.  68  and  69  for  readings. 
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5-08 .  Prototype  Test  Installation  Testing  Equipment.  The 
piezometers,  sonic  transducers,  and  pressure  transducers  were  installed 
in  the  conduit  for  use  by  the  Waterways  Experimental  Station  in  their 
studies  conforming  theoretical  and  actual  water  velocity  design 
relationships.  Twenty-four  piezometers  and  four  sonic  transducers 
fittings  are  monitored  in  a  manometer  well  located  adjacent  to  the 
stilling  basin.  The  five  pressure  transducers  are  monitored  from  the 
intake  tower. 
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Melvern  Lake,  Construction  Photo,  Neg.  No.  375 
(Overall  view  of  Melvern  Lake) 


Melvern  Lake,  Construction  Photo,  Neg.  No.  86612-6 
(Placing  impervious  backfill  in  cutoff  trench) 


Melvern  Lake,  Construction  Photo,  Neg.  No.  694- R1  -24 
(Station  50+50,  River  Bank,  looking  up  station 
cutoff  trench) 


Melvern  Lake,  Construction  Photo,  Neg.  No.  694-R1-23 
(Impervious  backfill  in  cutoff  trench) 
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Melvern  Lake,  Construction  Photo,  Neg.  No.  85149-1 
(Backfill  placement  in  tubing  ditch  for  embankment 
pressure  cells) 


Melvern  Lake,  Construction  Photo,  Neg.  No.  694-R1-15 
(Typical  piezometer  and  pore  pressure  extension 
backfill) 


9.  Melvern  Lake,  Construction  Photo,  Neg.  No.  694-R2-16 
(Typical  piezometer  and  pore  pressure  devices  pro¬ 
tection  during  embankment  placement) 


10.  Melvern  Lake,  Construction  Photo,  Neg.  No.  694-R1-10 
(Self-propelled  tamping  roller  on  embankment  fill) 


11.  Melvern  Lake,  Construction  Photo  Neg.  No.  87531-11 
(Placement  of  fill  material  in  old  river  channel 
for  beginning  of  closure) 


12.  Melvern  Lake,  Construction  Photo  Neg.  No.  87531-10 
(Foundation  excavation  and  cleanup  in  old  river 
channel  downstream) 


13.  Melvern  Lake,  Construction  Photo  Neg.  No.  88982 
(Placement  of  slope  protection  on  the  upstream 
embankment) 


14.  Melvern  Lake,  Construction  Photo  Neg.  No.  694-R1-5 
(General  view  of  slope  protection  on  the  upstream 
embankment) 


Melvern  Lake,  Construction  Photo  Neg.  No.  694-R1-4 
(General  view  of  the  outlet  channel) 


18.  Melvern  Lake,  Construction  Photo  Neg.  No.  88987-7 
(View  of  intake  tower  and  embankment) 


20.  Melvern  Lake,  Construction  Photo  Neg.  No.  694-R1-22 
(Vibratory  steel  drum  roller) 
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0>  pout  vat  its  ’•nearly  from  t>  ’04t,  R>*  2SU  at  station  t 6  tOO  *o 

£‘  tOBf.  RO  *96u  at  star ,on  &C* OC 

fc’iC’ontrof  oomr  varies  hne*riy  f/om  C  i  1040,  HO  1 90  D  t>t  5  ration  76tOO  to 
li  ,050,  ROtG5D*t  s tahonOOtOO 

(3) Comoi  po-nt  vanes  linearly  rro  '»»  L>  3(70,  RJ  *301'  at  s'anon  76*00 
to  ground  $i.r*occ  ipievat ,on  900  *.  range  4t  lit S D)  at  station  BUtOO 

(4) '.'  'jyr  vanes  hneariy  from  !o--6  at  station  7 6*00  to  Ion  5  at  station 
80. Of . 

.‘V  Cc-tra’  print  tar  es  linearly  from  El.  1037,  0.  I  *  56  a!  Station  7 £*00  to 
Bl  !0A7,  R  l  *-28  at  Station  30*00. 


xupy  v  &,  Km  V 

W0‘ 75  £/  105  7  J  r 


Topso’  /  and  seeding 


Pf'tnCUS  ■ 


Strip  as  r eg  need 


[/  fanes)  ( J ) 
R  fanes) 


(  Seni.e  Road  f’ 


f  Grout  curtain  and 
cutoff  trench 


Approx  top  of  bedrock  - 


GfMERAl  NOTE 

River  channels  existing  within  the  embankment  area  shall  be  mucked 
to  remove  unsuitable  materials  and  the  river  banks  shall  be 
excavated  to  /  or  J  within  Range  2  tOO  upstream  to  2*00  downs  Ire  am 
t hen  transitioned  to  /  on  ^  at  Range  3*00  up  and  3tOO  down  and 
maintained  /  on  2  to  the  embankment  toe. 

for  fop  of  dam  detail  See  drawing  Mo  C 


Remove  loose  and 

waatharad  limestone 


Top  of  Bedrock 
Top  of  Firm  Bedrock 


8 la  dad  Oramage  Ditches 

X 

Initial  backfill 

3  feet  minimum  thickness 

- *  \ 

OVERBURDEN 

V"*— 

^  "V 

.^/OVERBURDEN 
Slope  vanas 
from  /  on  2  to  /on  2  3 

LIMESTONE  ^ 

k  impervious 

y  limestone 

SHALE — -  ton! 

A 

Cutoff  Trench 
f  Grout  Line 

- - - j - 

^  fanes  sm 

Top  of  Bedrock 

!  on  / 

Top  of  firm  Bedrock 

CUTOFF  TRENCH  DETAIL 

MSt  THROUGH  LIMESTONE  IN  SHALE 
Not  to  Scale 
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„  50  uoe  Q  r.pras 

j !£izstm 

■  2*bedding 

El  /OS/ 

24*Type  A  riprap - ,  RO*Se 

3  shale—  5  ‘  l. mas  tone  9‘  Sos!.'  a  -  . 

Limes/one - ,  £■:.'  - i  £' bedding  _t  ,  \  £:  1J47 

\  1  z:;c2?  \  •  \  ni»?t 

\pV^4  ■  ■  q-*6i  ^  ^  ^  - 

3^e  Detail  B-  ^  '•  ^  A - - - <**■  *  ’  ^  ^ 


Id*1  7  H  ' 058 
/?A  7TU77f 


^impervious 


topic-  ara  Seed/nu 


'i.fcff  M 

3  ■  f*  »t  i 

3* 

■  Cu*  dfy 

frpm  / 

/  cr,/ 


Appro*  ground  surface 
Qee/uirect  ft.’f  - 


Approx  fop  of  bedrock 


Excavate  cutoff  :*rnch  K  4  rm  Pedro-' k 
yy or-  ear.es 


€  grout  Curt, 
cutoff  franc 


TYPICAL  TERRACE  SECT  I  ON -STA  60+00  TO  STA  84+00 
SECTION  AT  STA  82 >001 


UP  ST  PE  AM  f*  ration  of  construction  ha*  -  QOWHSTftEAM 

30'tgpe  &  r.  p.-ac - . 

H'lwA'trte  .  ri/iS',{  Ay/ -SSL  li*». 


TYPICAL  TERRACE  SECTION-STA  84+00  TO  STA.92+00± 
SECTION  AT  STA.  90+00:* 


£/.  1015  L‘  m*s  tone 

ft  3  *3*  Ft  //  -  - 1 


2*  tgo-  a  r.prap 


Elevation  o4  construction  ha’4 

3  O'  type  3  r>prap  v 
/P'spa/.'s-  \ 

12' bedding  ,  •, 


-JQ.  w  (•'  '0<C 


3  Sha/e  Limestone 


EH027  \r 

.  'R  2*33 

mesfOne  \  ^1  Cn  i  \  J 

EttO/O  \  (■  0  lnr,\  -fr* 

R4*Q*  \  \&f,enl\  1 


'*■  A  r.prap  1  bedding  \  .  /|2-  r  3*7 

*»•  sosf/a  -  .  ■  4Vff£  -  A  \  f  :  P 1  •  ,  "««*.•; 

e'6e^rf/>is--,'  \  «/<m:  £**'.  dvcCF*.  V^oS'*.  '  •'•<•'  1  el 


<■  — 4°a^ 


***>»  r°  d’-jtnf  V  ue  Detail  e 


v •»  -V-^/  *  " 


''Required  waste  ft  It  '  Appro*  grot-  d  \.,  te, 


x'Str,p  a  .  required 
E ecavote  Cutoff  trench  to 
,  Frm  bedrock 


f  proof  cue  tarn 
3  'd  coty4'  4 reach 


trio  as  required  - 


.f<r-Y/Ciprt>arJ' 


Appro*  tjc  cf  be.fr c. 


TYPICAL  TERRACE  SECTlON-STA 92+001  TO  STA.  101  * 00 1 
SECTION  AT  STA.97+OOt 


v'  ibr  control  of  retju.red  wstra  fill 
See  p/an  dug  no  Z 


^Oequ.red  waste  fill 


a.;. 

ec  ( 

'J  ’flops 


EC  type  6  '  crar 
'c'sea:is 
vv#v 

w/9*te  f'  t.  e  !(•*/*  t 


/r-f;  /C  5  7  {top  of  ch.'trrneq  o'rst.ni 
1  Top  so,  I  and  aeed/ny 


'  rpir'.  nfPVlflt/S 
.  i'etad  F 


-  ftop*\  -  -  '  ^ 

_4^— — -1^  ,  t'W»  »'-•«« 

lecumjeh  *rt  c*  ttd’ 'jCh  ,  /m/  '•*  f 


m  . t  \  Kina  VfUT  St,  EZoineW) 

BftT  Ls.  . 


*%y  ^ 


Approx  gr.'i  rj  *u-  4  »cA 

fr  ova*e  Pnf of*  trench  to  firm  hcrl-nck 


Vote 

fr  out  .'..'fair-  and  Pervious 

Onto4  *  french  d:  »m  ends 

b't at >.-■’>  •,•<• 


TYPICAL  LEFT  ABUTMENT  SECTlON-STA  101*001  TO  STA  120*00 
SECTION  ST  STA.  I  OS  toot 


!*i. 


'jpjc  <#”o  «ra bno 


A /ore  * 

s,'!  Cutct'*  trench  width  var.es  from 
30  ft  a*  S*a  BO*  CO  *c  2-i  ft  at 
Stp  3* *00 

£)  Cut  off  trench  mete  stapes  vary 
frem  /  on  C  at  S*a  SC  •  CO  to 
i  om  a*  Sta  P*  *30 


t  seruce  fid.  *f  * 


S’c-p*  k  *"  rs  { «£' 


Str>p  as  rey*/>red 


€  j'jt,  t  curtain  anj 
cutoff  ."*v* 


-$TA  80-»00  TO  STA  8-4  >00 
r  ST  A  aa+oo? 


Choke  spat/s  and 
bedding  with 
base  material - - 


-  2“  Bituminous  surface  course 
and  tO"  base  course 


Jjoj^  J 


T53  foejo  end  seeot *v 


30”  Typo  &  r iprap*  Control  Elevation  on  Profile  Along  ^ 


- 12”  Beddmg 


Choke  spalls  and  I 

beddmg  with 

base  mater, at S“0 

.  < PW 


Axis  of  Dam,  see  Dwg  Mo  J 


TOP  OF  DAM  DETAIL 

no  overbuild 

Not  to  scale 


f/  >076  j 
R  OtfOO 


.  2"  B, turn, nous  surface 
course  and  >0 "  base  course 


—  30"  \pe&  nor  OP 
-l2"SpsHs 


/  T - - impervious — 

‘  Con tro 1  Elevation  on  Profile 

Along  Ax,s  of  Dam.  See  Dwg  So  3  Rmno 

>T  9"  Topsoil  r 


-  12"  Beddmg  TOP  OF  DAM  DETAIL 
WITH  OVERBUILD 
Not  to  scale 


Topso  and  aeed-nq 


~4  Serv-ce  mad  '  f  ' 


Xpp'c*  ground  surface 


ftrip  as  required 


Cpp'o*  tup  or  bedrock 


-  3' Mm  pervious 


Existing  ground y 

S' _ j  I  /' 


*“  5 tripped  foundation 


I  STA.  I0l»00t 


s’ E!  JC  57  (top  of  chimney  drum) 

-  •*  ( 

I  Top  sot  i  and  seeding 

cnry.'Q'iS 

^  1  ''Random  -  Pervious 

Iml  rj*’r>p  ns  required 

Mote 

**  f  grout  curtain  end  Pemot/S  Cf  ney 

Cutoff  trench  dram  ends  -  ‘ 

Station  !05*JC  f 


DETAIL  f  POP  STA. 92100  TO  IOfl  +  30 
STA.  35*73  TO  44t00  -47f00T063f50 


DETAIL  E  FOR  STA.64+86  92*00 

Not  to  Scale 
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Limit  of  excavation  - 

<2"  Bedding 


>2"  Bedding 

V  974  0 _ 


/  On  /  a- 

Pervious  ■* 


Note  J  ,s  ,  j,  J'^aryiouS 

Thu  section  cut 

at  Sta  4  *250  0+00 

_ i _ I _ 

45  +  00  40' 

STA.  4+  101  TO  STA.  4  ♦  4Qt(L0QKINC  UPSTREAM  ) 


"  t  Outfot  works 


cr ' °n  'c^C~ClA  Y  QktCX  L  $_ 
\  y^t  on/ 

La  - — 12"  Bcddmg 
Jr"~  Pervious 


^-£  Outlet  Channel 

.  ,  i  _ 9S?i_ 

7+00 

See  Detail  P 
this  sheet  -  — 


Top  o  f  wall  and 
backfill  Cl  varies 
— _  f see  profile) 

.  Impervious  l  51.974  0  j 

*~/2"  Bedding  Jl 
12"  Bedding  f^z^onij  /-Pock /  / 
CLAY  CR££k  IS  f‘"^  / 

Note  \/r 

This  section  cut 

at  Sta  4t672SD.  L  j 


STA. 4  +  40;  TO  STA .  5  +  OS  (LOOKING  UPSTREAM) 


-  t  Out/et  works 


f/  974  C  j  impervious 

-Hock  f,//-i  ° 

- 12"  Bedding 

*“CMP/C/^  CLAY  CHEEK  LS 

ok  ' 


-  t  Outlet  works 


^  Impervic 


aifcmMLsC 2f£,?"\ 

Limit  of  ^ 


'  *“‘r*  f,n  u  -  Bedding 

/  ’  ~YCL»r  chuk  LS 


Net t  y 1  A. 

This  section  Limit  of  \ 

cut  at  Sta.  5+200  excavation - - 

f  on  /- 


STA.  3  +  08  TO  STA.  S+2S1  C LOOKING  UPSTREAM) 


of  r  prap  at 
7+90  D 


16’  riprap 

V  36"  Type  C  riprap  - 


12"  Spalls  -  I  Backfill  El  varies 
{set  profile) 


>2"  Bedding  —  60" Impervious  j 

Note.  CLhY~ CREEK  LS  T^rnTT^^cf^j 

This  section  12"  Bedding - *-»j  fcv/  12" ^  I 

tuf.tstf  SffSD.  iLTi'S!.* _ r.  CMfJ 


t  Outlet  1 uorkj  '»■  nprtk-i 

j —  36  Type  C  riprap  S 

\  60"  Impervious  - 12  "  Bedding 

\  i  CLAV  CREEK  LS 

\  ^  *°ck  r  fji  —/on  / 

\  , 

J  -12" CM.P 

-4-K^  1  +  00 


El  976  0 
P  5+36.2 D 


- Or,gmai  ground  surface 
9  V 

r  ?  Spalls  J 

-  /  its  a1  / 


STA.  5 +  38  TO  STA.  5  +  01  (LOOKING  UPSTREAM) 

TYPICAL  SECTIONS 


36"  Type  C  riprap 


36"  Type  C  riprap 
s/ — 12"  Spalls 

12"  Beddmg 


12  "  Beddmg 
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general  description 


general  DESCRIPTION 


;  PELf.'N’  i_*an 
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i  i  wiSCJNS  nan  -at*  ■ 
I  Ji  g'4*ei  4t  base 

5x  3  r  4  t\A*E’  ,HA.U  >*•* 

:  i  tc  ^  |»  sar-c  ’  *'*' ''**  ~i!’  ‘ 

■».•>!>  •  ^  «.-»• 

~  c  L'MfST:-NE  1  S«A,f 

J  1  Ih.n  limestone*  MH’ilK 

5?  snare  i.-me*!.-nes  .c" 
‘  flocx  B'u**  •<■  '-”*j-og>  "5 
$  ’  »e*>  JO H  TC  SOtt  necks  V 

i  :k  i  -  ■  - 

i  i  ShAlE  <CS.  t 

v  ,  :4Vc"*  ce'%4>e,.wt  <*** 

^  .*  mgs  tc  U"CS  *<>:-*■  e 

L  C  »er>  soft  tc  Soft  JC14S- 

L  «  aM  Wds  s 

*  «  Tde*4fe',  :••  ip 

•n  |  g*eep 


U**EST  'NE  T,>  r  bedded  «-th  snaie  parting)  xc»s.cn 
»l'»  rg':  eceou*  -  '««'*(«  •  I'd  ti  njrc  dense  r-omer 
on  ftactu'es  t>adi«  «euthe*ed  due  shaitc*  depth  where 
0n|led  pitted  a"d  >ugg»  «-th  possible  „4*-tieS  light  g'ly 
•earner  J  to  ve'lpw  brown 


ShAlE  F.ssoe  <x:avoeai‘y  Unmeted  *»itn  s-itstone 
modera rely  ca'ta'eous  ca'DcnaceouS  «ery  clayey  top  6 
,  nches  sett  to  «er>  soft  checm  on  exposure  dark  gray 
I  ••ethers  yeiiow  tan 


;  j  LIMESTONE  Medium  to  thin  bedded  occasional  argil 
s0  taceous  partings  hard  dense  to  lithograph*,  numerous 
high  angle  Tractures.  tight,  stained,  occasionally  pitted 
,  b*ue  gray  weathers  light  tan 


SHALE  Platy  to  TissHe  Cayey.  occasionally  carbonaceous 
j  and  micaceous  moderately  calcareous  with  occasional 
!  _  limestone  nodules  and  bands  to  beds  numerous  silty  and 
sandy  lammae  soft,  numerous  high  angle  fractures,  many 
siichensides  lower  halt  checks  rapidly  on  exposure  light 
gray  to  greenish  g*ay  weathers  tan 


!  LIMESTONE  Thin  to  medium  bedded,  frequently  nodu- 
i  q  |  Jar  with  green  shale  m  upper  hall,  slightly  argillaceous. 
1  “  |  moderately  hard,  dense,  occasional  fractures,  weathers 
soft  with  occasional  pits,  light  gray,  weathers  tan 
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ShalE  Clayey,  slightly  silty,  weakly  calcareous  with  oc¬ 
casional  limestone  nodules  and  lamina,  soft,  numerous 
fractures,  occasional  shckensides.  checks  rapidly  on  ex 
posure.  grey  green,  unweathered  and  weathered 


LIMESTONE  Medium  bedded  with  shale  partings  and  n- 
d‘Stmct  banding  moderately  hard  to  hard,  finely  crystal¬ 
line  to  dense,  occasional  high  angle  fractures,  some  pit¬ 
ted  and  mmeraiited  light  gray  to  grayish  tan  unweather¬ 
ed  and  weathered 


SHALE  Indistinct  lamina  of  siltslone  and  sandstone, 
upper  hail  moderately  calcareous,  silty,  occasionally  sandy 
and  micaceous  lower  hail  weakly  calcareous,  cUyey.  soft 
to  occasionally  moderately  herd  occasional  fractures,  oc 
casionaiiy  swells  checks  rapidly  on  exposure  dark  gray 
to  gre«hish  gray  weathers  brown 


LIMESTONE  Mesv*e  with  indistinct  lammae  slightly  ar 
liliaceous  he'd  to  moderately  hard,  dense  light  bluish 
grty  to  tanmsh  gray  weathers  tan 


SHALE  Fissile  to  piety  clayey  non  calcareous  to  oc 
cesroneOy  weakly  calcareous,  soft,  occasional  low  angle 
fractures  with  slickens.de*  checks  rapidly  on  exposure, 
dark  gray  neathers  tan 


LIMESTONE  Medium  bedded,  transitional  from  shale 
at  top.  slightly  argillaceous,  moderately  hard  to  hard, 
very  finely  crystalline  to  dense,  occasional  fractures,  light 
gray  to  bluish  gray  weathers  brown 
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and  bottom,  sight',  a'gi'arecus  harp  to  mooerateiy 
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SHALE  Lam.njtee  win  smsione  ano  sandstone  clayey 
calcareous  m-caceous  soft  checks  cm  exposu'e  dark 
gray  with  light  gray  lamma.  weathers  tanr.  S*»  grai 
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LIMESTONE  Massine,  trans.tiona:  top  and  bottom  si.gnt 
•)  argillaceous  hard  dense  numerous  fir.*  high  angle 
(ractures.  often  hea'ed  oiu'Sh  gray  to  tannsh  gra, 
weathers  gray  to  tan 
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SHALE  4  SANDSTONE  Upper  j  ?b  ft  .s  .ntertamma 
ted  shale  and  sandstone,  non  ca»careous  io  weakly  ca> 
cirecus  c'ayey  to  slightly  silty,  micaceous,  carbonaceous 
soft,  dark  gray  with  light  gray  lamina 

Middle  2  J3  ft  •  s  a  lenticular  sandstone  mas$'»e 
micaceous,  moderately  calcareous  occasionally  shai*  and 
ca/t»naceou$  occasionally  slightly  sany  moderately  ha<a 
to  Slightly  triable,  line  grained,  light  gray 

Lower  7  10  ft  is  interiammated  shale  and  sandstone 
carbonaceous,  m-caceous.  moderately  calcareous  w-lh 
limestone  lamma  to  beds,  soft  to  moderately  hero  g'a. 
Basal  8  1 1  It  ■)  shale,  piaty  to  fissile  with  discontmu 
ous  timeslone  lamina,  ciayey  moderately  caicareous  soft 
occasionally  tiKtored  checks  on  exposure  dark  gray 
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several  fractures  light  gray 
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LIMESTONE  Thm  to  medium  bedded  *'th  shale  pa-t 
mgs.  slightly  argillaceous  moderately  hj'd  to  hard  finely 
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